Objective: To measure national variation in splenectomy rates, mortality, and costs for hospitalized patients with splenic injury and the impact of state trauma systems on these outcomes. Methods: Using the HCUP State Inpatient Database for 2001Database for , 2004Database for , and 2007, all patients hospitalized with splenic injury were identified from 19 participating states. Multivariate regression was performed to compare splenectomy rates, inpatient mortality, and costs between states. Inclusiveness of statewide trauma systems was categorized based on the proportion of hospitals designated as a trauma center. Results: Of 33,131 patients, 26.2% underwent splenectomy, 6.1% died, and median hospital costs were $14,317. After adjusting for patient, injury, and hospital characteristics, there was a 1.7-fold variation (RR 1.67; 95% CI, 1.39-2.01) among the 19 states in rates of splenectomy. Adjusted inpatient mortality varied more than 2-fold between the highest and lowest states (RR 2.43; 95% CI, 1.76-3.37). Adjusted hospital costs varied over 60% between the highest and lowest states (cost ratio 1.61; 95% CI, 1.41-1.83). States with the most inclusive trauma systems had significantly lower splenectomy rate (RR 0.79; 95% CI, 0.68-0.92) and lower mortality (RR 0.71; 95% CI, 0.58-0.87), but similar hospital costs (CR 1.05; 95% CI, 0.95-1.16) compared to states with exclusive or no trauma systems. Conclusions: Significant geographic variation in the management, outcome, and costs for splenic injury exists in the United States, and may reflect differences in quality of care. Inclusive trauma systems seem to improve outcomes without increasing hospital costs. (Ann Surg 2012;255:165-170) 
have been published, 8 one large nationwide study demonstrated substantial variation in splenectomy rates depending on hospital type. 9 These findings are similar to the results of several studies in the pediatric population demonstrating variation in splenectomy rates after splenic injury based on hospital factors including hospital type, 10, 11 urban versus rural environment, 12 and trauma volume or status. 11, 13 Some variation may arise from the protocol incorporation of angiography with arterial embolization, which has been very successful in certain centers. 14, 15 As efforts to improve health care quality and costs intensify and federal interest in and support of comparative effectiveness research grows, it is important to determine the degree of variation across the country in the management of trauma. Splenic injury represents a meaningful index injury for study as it is relatively common, its ultimate management in most cases is easily dichotomized (ie, splenectomy or not), improper management may lead to significant consequences, severity of injury can be quantified, and despite the existence of large studies that essentially define benchmarks of care standards for successful nonoperative management, [16] [17] [18] [19] it may be subject to variation. We used national data to quantify the variation that exists between states in the use of splenectomy, inpatient mortality rate, and hospital costs associated with splenic injury. Additionally, variation in injury care may be related to the widespread variation in access to higher levels of trauma care that exists in the United States. 20, 21 Inclusive state trauma systems are designed to improve access to care throughout the state and have been associated with improved outcomes for severe injury. 22 Further analysis tested the impact of state trauma system organization on splenectomy, inpatient mortality, and hospital costs for splenic injury.
METHODS

Study Design
This was a retrospective cohort study using the Healthcare Cost and Utilization Project (HCUP) State Inpatient Database (SID) to identify all patients hospitalized with splenic injury (ICD9-CM 865.00-865. 19 ) in participating states during 3 years: 2001, 2004, and 2007. The primary exposure was the state of the treating hospital recorded in the database. The primary outcome was splenectomy (ICD9-CM Procedure Code 41.5). Additional outcomes included inpatient mortality and total hospital costs.
Data Source
The SID was designed to contain all inpatient discharge abstracts from participating states: 13 states in 2001, 21 in 2004, and 16 in 2007. Data collection included a core set of clinical and nonclinical variables on all patients whereas excluding data elements that could directly or indirectly identify individuals. The availability of hospital identifying information varied by state; states were only included in identifiers, the SID records were linked to data from another HCUP data set, the National Inpatient Sample (NIS) that contained some hospital specific information. Year-and hospital-specific cost to charge ratios (CCR) from HCUP were used to convert recorded hospital charges to estimated costs. In instances where a hospital specific CCR was not available, a group average CCR was supplied by HCUP using a weighted average CCR for a group of hospitals defined by state, urban/rural location, ownership, and the number of beds. 23 In addition, 2001 and 2004 costs were converted to 2007 dollars using the Medical Care portion of the Consumer Price Index. 24 Data aggregation and some cleaning were performed by HCUP, including the variables for length of stay (LOS) and charges. 25 Each patient's Injury Severity Score (ISS), and Organ System Abbreviated Injury Score (AIS) were calculated from ICD-9CM diagnosis codes using previously described techniques and commercially available software. [26] [27] [28] Patient covariates for analysis included: age, blunt versus penetrating injury mechanism (using ICD9-CM E Codes recorded in SID), sex, insurance status, ISS, presence of preexisting medical comorbidity (congestive heart failure, peripheral vascular disease, chronic lung disease, diabetes mellitus with or without complications, liver disease, coagulopathy, and hypertension), splenic injury severity (from ICD9-CM) and AIS scores including head, chest, face and neck, abdominal, spine, and extremity. Hospital specific variables included teaching status and urban versus rural location. They were assigned as defined by the HCUP NIS database. 25 
Data Analysis
Relative risks (RR) of splenectomy and inpatient mortality were calculated using state as the primary exposure in a Poisson regression model. This analytic method yields adjusted relative risk (not odds ratio) estimates even for relatively common outcomes, such as splenectomy. 29 The "reference" state was chosen by considering: (1) having the lowest proportion of patients receiving splenectomy in the reference state would simplify communication of results; and (2) having a relatively large number of patients in the reference state improves the precision of the standard error estimates and confidence intervals. Clustering by hospital was accounted for and robust standard error estimates calculated. On the basis of prior studies and univariate analysis of this data set, a base model was formed that included: age (<15, 15-29, 30-44, 45-59, 60-74, 75 + ), ISS (<10,10-15, 16-24, 25 + ), year of hospitalization (2001, 2004, 2007) , and mechanism of injury (blunt vs. penetrating). The following covariates were then assessed as potential confounders: abdominal AIS, head AIS, hospital teaching status (teaching vs. non) and hospital location (rural vs. urban). Model selection was performed stepwise and hierarchical, with each additional covariate added to the base model and a measurement made of the percentage change in RR for each exposure group (state) between the risk estimate with and without the covariate being considered. Only those covariates whose addition led to at least a 10% change in the risk estimate for any 1 state, or at least a 5% change in more than 2 states were kept in the final model. Age, year, mechanism, ISS, Abdominal AIS, and hospital teaching status were the covariates retained in the final regression model. For the mortality model the assessment of potential confounders also included the number of preexisting medical comorbidities (none, 1, 2 + ) and primary insurance (Medicare, Medicaid, private, self pay, no Charge, other).
After the conversion of total hospital charges to costs as explained above, cost ratios (CR) were calculated using state as the primary exposure and total hospitalization costs in 2007 dollars as the outcome. A generalized linear model with log link and gamma distribution was used and a similar stepwise model selection performed. Again, the reference state was selected to simplify the communication of results and improve the precision of confidence intervals. For each model and as general test of between-state variation, a Wald Test was performed to test the significance of the addition of the primary exposure variable, state, to each fully adjusted model. A P value <0.05 was considered statistically significant. Stata 11.0 was used for all analysis (Stata Corp., College Station, TX).
For secondary analysis comparing the impact of state trauma system inclusiveness on outcomes, states were sorted into tertiles labeled "exclusive systems," "more inclusive" and "most inclusive" based on the proportion of hospitals designated as a trauma center of any level participating in the trauma system (0%-13%, 14%-37% and 38%-100%, respectively) as of 2001, as was done previously by Utter et al. 22 Poisson regression for relative risks of splenectomy and inpatient mortality was performed with trauma system inclusiveness as the primary exposure variable and multivariate adjustment performed as described above. Trauma system inclusiveness was also used as the primary exposure for the generalized linear model for Cost Ratios described above. Clustering was performed by state for this portion of the analysis. 
RESULTS
Patient Characteristics
Multivariate Analysis for Risk of Splenectomy
With Colorado as the reference state, fully adjusted risks of undergoing splenectomy varied from 2% higher in Oregon (RR 1.02; 95% CI 0.80, 1.29) to nearly 70% higher in Kentucky (RR 1.67; 95% CI 1.39, 2.01). Confirmation of statistical significance for overall between-state variation was provided by the Wald test for the addition of state variables to the fully adjusted model (χ 2 89.79; 18 df; p < 0.00005). The relative risk of splenectomy was statistically significantly higher than Colorado for 10 states (Fig. 1 ).
Multivariate Analysis for Risk of Inpatient Mortality
With again Colorado as the reference state, fully adjusted risks of hospital death varied from 28% lower in Vermont (RR 0.72; 95% CI 0.42, 1.25) to more than 2.4-fold higher in Rhode Island (RR 2.43; 95% CI 1.76, 3.37). Mortality was statistically significantly higher in 11 states compared to the reference state (Fig. 2) . The Wald test for the null hypothesis of zero between-state variation in the adjusted model was again rejected (χ 2 64.29; 18 df; P < 0.00005).
Multivariate Analysis for Costs
With Maryland as the reference state fully adjusted total hospital costs varied from 3% lower in Iowa (RR 0.97; 95% CI 0.87, 1.09) to 61% higher in California (CR 1.61; 95% CI 1.41, 1.83). Variation from the reference state was statistically significant for 9 states (Fig. 3) . The Wald test again indicated statistically significant between-state variation (χ 2 112.74; 18 df; P < 0.00005).
Trauma System Inclusiveness
Patients in states with the most inclusive trauma systems had a 21% reduction in unadjusted splenectomy risk (22.4% vs. 28.2%) and a 36% reduction in unadjusted inpatient mortality (4.5% vs. 7.0%) compared to states with exclusive trauma systems (Tables 3  and 4 ). In multivariate analysis, being treated in the states with the most inclusive trauma systems was independently associated with significantly lower rate of splenectomy (RR 0.79; 95% CI 0.68, 0.92), and inpatient mortality risk (RR 0.71; 95% CI 0.58, 0.87) compared to states with exclusive systems (Tables 3 and 4 ). Compared to exclusive states, being treated in a state with a more inclusive system was associated with a trend toward lower splenectomy (RR 0.96; 95% CI 0.81, 1.14) and inpatient mortality risk (RR 0.92; 95% CI 0.83, 1.03) but these associations did not meet statistical significance (Tables 3   Copyright © and 4). Hospital costs were similar regardless of state trauma system inclusiveness ( Table 5 ).
DISCUSSION
After adjusting for patient, injury, and hospital factors, there was significant variation in the use of splenectomy for splenic injury among patients hospitalized in different states in the years 2001, 2004, and 2007 . The between-state, adjusted, variation was even greater for inpatient mortality risk and hospital costs.
When interpreting the results of our study, some important limitations should be considered. Although quite comprehensive, SID is an administrative data set that lacks detailed clinical information. There is also the possibility of systematic errors or omissions in coding or data entry relating to diagnosis and procedure codes. Angiography coding, for example, was not specific enough for analysis. Institutional differences in the use of angiography and angioembolization may explain some of the variation seen in the splenectomy rates. Although unable to be addressed with this current data set, future evaluation of the variation in the use of angiography is crucial to the standardization and optimization of the care provided to trauma patients with solid organ injury. In addition, as each state agency collected state data before submission to HCUP, any state-specific coding variability would affect our measurement of state-to-state variation in practice patterns. The lack of independent data collection, however, was taken into account by the use of clustering by hospital in generating standard error estimates, avoiding artificially narrow confidence limits.
Adjustment for injury severity was limited by the process of calculating AIS codes from ICD9-CM codes that were entered into the discharge abstract. However the method of converting ICD9CM to ISS and AIS has been well described and success well documented. [26] [27] [28] Finally, in the absence of unique patient identifiers in SID, patients may be duplicated due to interhospital transfer. Transferred patients were considered to represent a minority of those involved and any systematic differences in transfer incidence at the state level (ie, trauma system inclusiveness) might have exaggerated differences in outcomes across states grouped by trauma system inclusiveness.
A final and perhaps most important limitation is the presence of residual confounding by variables not measured or accounted for in our data set. Unmeasured state-level variables may account for some of the differences in outcomes. For example, the geography of each state may impact survival from severe trauma, through its impact on prehospital transport times. In a more rural state, long transport times might increase the proportion of prehospital or scene deaths in the severely injured, and these deaths will not be entered into the database. States with short transport times, conversely, would have more severely injured patients reaching hospitals and thus more hospital deaths.
Accepting these limitations, we demonstrated substantial variation in the rate of splenectomy. Bowman and colleagues, using a pediatric hospital database, found a 75% higher adjusted odds of splenectomy at for-profit compared with not-for-profit hospitals. 30 Another study using health department data from 4 states found a 2-fold increase in the odds of splenectomy for pediatric blunt splenic injury when treatment was rendered at a nontrauma center versus a trauma center. 13 For adult splenic injury, Todd et al demonstrated a significantly lower odds of splenectomy for patients treated in urban teaching hospitals. 9 In addition, another study from Washington State found an approximate 2-fold increase in the odds of splenectomy for adults with splenic injury undergoing abdominal surgery in rural or urban hospitals in Washington State compared to metropolitan hospitals. 12 Aware of these results, we approached both hospital location (rural vs. urban) and hospital teaching status as potential confounders to adjust for any variation due to hospital level factors. By accounting for hospital, in addition to injury and patient characteristics, we thus focused our analysis on the variation that might be due to differences in practice patterns across states.
Two smaller, prior studies, 1 pediatric and 1 adult, that used national data to assess variation in splenectomy associated with hospital factors did not find significant geographic variation during secondary analyses comparing splenectomy use at the regional level: either by comparison between western, southern, midwestern and northeastern states or by comparision of Pacific Coast states to the rest of the United States. 9, 11 It seems from our study that geographic variation exists when measured at geographic resolution at the state rather than regional level, potentially because of state level factors like inclusive trauma systems.
Bowman, et al in the 2008 study above found a 38% difference in hospital charges for splenic injury between for-profit and not-for profit hospitals. 30 The variation we found for costs between states was considerably greater. Variation in medical care costs has been attributed to variation in the use of specialty care services, tests, minor procedures, specialists, and inpatient admissions, including ICU stays. 1, 2 Although the Fisher study was directed at Medicare patients and primarily outpatient care, it is possible that the differences in hospital costs that we found for splenic injury represent varying utilization of diagnostic tests or procedures, as additional adjustment for hospital length of stay did not remove the variation. ICU length of stay was not available for most states and variation in costs may represent varying opinions on how long solid organ injuries need to be monitored in the intensive care unit.
Our results support the contribution of organized trauma systems to improving survival from injury. Utter et al demonstrated improved mortality in severely injured patients treated in states with more inclusive trauma systems. 22 In addition to a lower mortality, we also found a lower risk of splenectomy associated with the most inclusive trauma systems, perhaps demonstrating an increase in transfers of injured patients within the state to urban teaching hospitals, usually trauma centers, where splenic salvage rates are higher. 9 These improved outcomes occurred in inclusive trauma system states without an increase in hospital costs. This analysis is somewhat limited in that it represents hospital costs at the discharging hospital and excludes costs of transport and transfer or treatment at any earlier facilities as well as post discharge. It is, however, likely the largest costs generated for the management of most injured patients, and it is valuable to demonstrate that inclusive trauma systems did not result in transfer of patients to higher cost hospitals. It should also be mentioned that comparing outcomes in states with the "most inclusive" trauma systems compared to states with "exclusive" trauma systems must be done with the understanding that the proportion of hospitals participating in a state's trauma care is only one measure of trauma system inclusiveness (albeit one that can readily be targeted for intervention). Certainly, other attributes of inclusive trauma systems including effectiveness or triage, transfer, and communication, as well as efforts dedicated to record keeping and quality improvement deserve measurement and further study.
As differences in hospital, injury and patient characteristics were accounted for in our analysis, the significant state level variation in splenectomy, mortality risk, and hospital costs for splenic injury demonstrated may be because of the variation in provider decision making. For example, there are likely provider-level differences in the use of diagnostic and therapeutic procedures, or opinions regarding what constitutes a failure of nonoperative management, or how long a patient with a splenic injury needs to be monitored in the intensive care unit. Variation in provider practices may be exhibited at the state level because of dissemination of attitudes and practices via regional channels from dominant providers in the area, ie, major trauma centers, to outlying area hospitals or via the training of local practitioners. Although much has been published about these clinical decisions, guidelines provided in 2003 from the Eastern Association for the Surgery of Trauma (EAST) recognized the absence of Class I and the paucity of Class II data guiding management and diagnostic options for solid organ injury. 8 Given the prevalence of splenic injury, reducing the management variation identified here for splenic injury will likely have significant savings in health care costs nationwide. This will hopefully focus injury researchers on the persistent need for good Class I evidence permitting the development of management guidelines for standardized best practices for common injuries.
